Our attempts to gain information concerning the amount of electrolyte in cell water and the theoretical concentration of intracellular cations necessarily revolve around our ability to partition total body water into extracellular and intracellular phases. The total body potassium, for example, is confined almost exclusively to the intracellular phase, and if the intracellular volume of the body could be defined, the net intracellular potassium concentration could be readily calculated as:
Our attempts to gain information concerning the amount of electrolyte in cell water and the theoretical concentration of intracellular cations necessarily revolve around our ability to partition total body water into extracellular and intracellular phases. The total body potassium, for example, is confined almost exclusively to the intracellular phase, and if the intracellular volume of the body could be defined, the net intracellular potassium concentration could be readily calculated as:
Total body K -Extracellular K Intracellular fluid volume The most rational interpretation of extracellular fluid volume would seem to be that defined originally by Manery, Danielson, and Hastings (1) , by Manery and Hastings (2) and later by Nichols, Nichols, Weil, and Wallace (3) . These authors divide the extracellular fluid into the following components: the plasma water, the interstitial water, and the connective tissue water. The interstitial water is considered that volume of fluid which rapidly equilibrates with substances such as inulin. Connective tissue water is the volume of water which is principally associated with collagen and elastin, and with which substances such as inulin equilibrate slowly. The study of Nichols, Nichols, Weil, and Wallace (3) would indicate that the sum of these three phases of the extracellular fluid is defined reasonably well by the chloride space if correction of the chloride space is made for intracellular chloride, and for the slightly greater concentration of chloride in connective tissue water than is present in an ultrafiltrate of serum.
The major aim of the present study is to test further the validity of the chloride space, corrected for the factors described above, as a measure of the extracellular volume by demonstrating an identity between it and the space calculated from the sodium content of extracellular fluid. Extracellular fluid volume has been calculated from sodium by the expression (extracellular sodium)/(Na)ef where extracellular sodium is the difference between total body sodium and the sodium which is not in the extracellular fluid (i.e., that in bone, cells, and within the lumen of the gastrointestinal tract) and (Na)ef is the sodium concentration of the serum ultrafiltrate. Values for total body chloride and sodium on which the calculations depend have been obtained by carcass analysis of a large number of normal rats (4, 5) . Values for bone sodium have been calculated from the Na/Ca ratio for bone and from total body calcium. Values for cell sodium in muscle have been taken from data in the literature (6) calculated on the assumption that chloride in muscle occupies the same space as inulin and an exclusively extracellular position (7) . Values for sodium in red cells were also calculated from the data of other investigators (8, 9) while those in visceral cells have been assessed by comparison of the volumes of distribution of inulin and sodium in the viscera following a constant infusion of inulin according to the technique described by Cotlove (7) .
The good agreement between the sodium and chloride spaces calculated by correcting the value for total body electrolyte in this manner lends credence to the view that a value closely approximating the true extracellular volume of the rat has been determined. On this assumption the data obtained by carcass analysis have been used for further calculation of the intracellular volume and the theoretical concentrations of electrolyte within the cells.
The animals used in the study were male Wistar rats of the Hamilton Farms strain. For convenience and simplicity, a rat with a fat free dry solid content of 50 grams has been taken as a representative animal. Assuming a normal body fat content, such an animal would weigh approximately 220 grams.
Total body electrolyte and water. The carcass electrolyte and water content of the hypothetical 220-gm. rat was determined from regression equations calculated from data obtained by carcass analysis of 30 to 40 rats of normal health and vigor. The weight range of the animals was from 70 to 410 gm. with the greatest number falling around 220 grams (4, 5) . The animals had been under observation at least two weeks prior to sacrifice and for ten days had been on a low residue diet of composition previously described (4) . The regressions of total body electrolyte, water and nitrogen on fat free dry solid are given in Table I .
The methods of carcass analysis, with the exception of that for potassium, have been given previously (4, 5) . In previous studies, potassium was determined on an acid extract of ashed carcass by flame photometry, while in the present study potassium in the ash has also been determined with chloroplatinic acid by the method of Consolazio and Talbott (10) modified to determine the salt K2PtCl, gravimetrically instead of by iodometric titration. The method is to be published later in detail (11 (12) . A separate aliquot of the bone particles was subjected to alkaline ashing and analyzed for chloride by the microdiffusion technique.
The methods are identical to those used for carcass and are described in greater detail in previous papers (4, 5) .
The difficulties inherent in the flame photometric determination of bone sodium through interference by calcium (13) for carcass (4, 5, 14) . Determination of extracellular sodium and chloride of viscera. Using inulin as a reference substance, sodium and chloride were partitioned between extra and intracellular compartments in the lungs, trachea, esophagus, stomach, intestines and testes.by the method described by Cotlove for muscle (7) . The data were obtained on 11 male rats whose weights ranged from 290 to 310 gm. The animals were placed on a low residue diet (4) Schreiner (16) after preliminary hydrolysis with alkali as described by Ross and Mokotoff (17) . Chloride in the tissue filtrate was determined by the micro diffusion technique of Conway (4, 18) and serum chloride by the method of Van Slyke (19) . In early experiments the liver was analyzed separately, but the data are not included in the presentation because, after 24 hours of infusion, the inulin space was found to be larger than either the sodium or chloride space.
Inulinoid blanks were determined on the serum and filtrate of the visceral organs of 13 rats which received no inulin. These animals had been on the same diet as the experimental animals for four days before sacrifice and fasted for 24 hours before sacrifice. The inulinoid blanks for serum after alkali hydrolysis were found to be negligible and were disregarded. Blank (20) .
The sodium and chloride spaces in viscera were corrected for the quantities of sodium or chloride present in the lumen of the gastrointestinal tract. The amount of the correction was determined by analysis of the luminal contents of five rats which had been on a low residue diet for four days and fasted for 24 hours before sacrifice. No infusion was given. After anesthetizing with ether, the lower end of the gastrointestinal tract was clamped, the gut dissected free and placed in a beaker. A rubber catheter was then inserted in the cardia of the stomach and 50 ml. of 5 per cent glucose in water rapidly injected so that the full length of the gut was distended. The clamp was then removed and the fluid gently pressed out through several incisions made in the gut wall. The whole procedure required only a few minutes. The volume of fluid was then measured and, after filtering, analyzed for sodium and chloride. The volume of fluid recovered averaged 49.6 ml.
Estimation of gastrointestinal fluid volume. The values for total body water determined by carcass analysis were corrected for the water contained within the gastrointestinal tract. The volume of fluid within the gut lumen was determined in six rats weighing approximately 220 grams. The animals were prepared in a manner identical to those subjected to carcass analysis; a low residue diet was fed for five days with free access to water. They were then sacrificed after a four-hour fast at the same time of day as the animals used for carcass analysis. The gastrointestinal tract was dissected free, placed on a board and opened longitudinally with scissors. The gut surface was then gently swabbed with gauze which had been previously dried by heating at 1000 C. The gauze was immediately placed in a weighing bottle, covered and weighed. The bottles were then uncovered, placed in an oven at 1000 C for 24 hours and re-weighed. The water content of the gut in milliliters was taken as the weight difference of the gauze in grams.
Calculation of sodium, chloride, and inulin sPaces.
The volumes of distribution of sodium and chloride were calculated by dividing the amount of the ion present by the concentration in a serum ultrafiltrate. To determine serum ultrafiltrate concentration, the serum concentration was corrected for serum water and Donnan equilibrium as follows: 
RESULTS

Calculation of extracellular volume lular chloride
The total body chloride of a 221 the corrections necessary for the es portion of total chloride which is fluid and at a concentration equal rum ultrafiltrate are given in Table  tion of the calculation of these corr Correction for connective tissue correct total body chloride for the 4 nective tissue in excess of that pre chloride concentration of the sert analyses of dog and rat tendon for collagen and total nitrogen were ca data are given in Table III . In b actual chloride content of tendon per 100 gm. of FFDS greater that dicted from the tendon water cont rum ultrafiltrate chloride concentrn Based on the studies of Cotlove (7) Chloride within the lumen of the gastrointestinal tract. The chloride in the "transcellular" fluid within the gut was determined by flushing the intestinal tract with isotonic glucose solution. In five rats weighing approximately 300 grams, the chloride recovered averaged 0.22 mEq. and ranged from 0.14 to 0.28 mEq. Corrected to a body weight of 220 grams, the average value becomes 0.16 mEq. Several sources of error in this determination should be mentioned. Although the flushing procedure was carried out as rapidly as possible, the possibility cannot be excluded that some chloride diffused from the extracellular fluid through gut mucosa or serosa or through the incisions made in the gut wall. Also, the data were for use primarily in correcting the chloride space of viscera and to compare this space with the inulin space, as will be described below. Consequently the animals were not prepared in exactly the same manner as those used for carcass analysis.
Food was withheld from those used for carcass analysis for only four hours while those used for the flushing procedure were starved for 24 hours. Although both groups had been on the same low residue diet, the differences in food intake might have produced differences in intraluminal gut chloride. It seems possible that these two sources of error, the one tending to give a falsely high value and the other a value falsely low, could balance out.
Chloride in cells of viscera exclusive of liver, brain, spleen and kidneys. Although chloride has been described as being intracellularly located in the pylorus, testes and lungs (2) the amounts present and their significance have not been clearly defined. The problem has been approached in the present study by determining the inulin, chloride and sodium spaces of gut, lung and testes after prolonged infusion of inulin. The data for these volumes are shown in Table IV . In this table the chloride and sodium spaces have been corrected for the amounts of these ions determined by At the outset it should be emphasized that use of the inulin space measurement for determining the amounts of sodium and chloride within the cells is hazardous. Although the measurement of inulin space by tissue analysis for inulin precludes errors in space measurement due to metabolism of inulin, it does not preclude error resulting from sequestration of inulin by macrophages as recently suggested by White and Rolf (21) . These authors found that tissues rich in macrophages gave impossibly high inulin space values. With this source of error in mind, the present data can probably be interpreted as reliably by simple comparison of sodium and chloride spaces as by resorting to inulin space measurement. It can be seen that in every specimen the corrected chloride space exceeded the corrected sodium space, the difference averaging 1.38 ml. Assuming no sodium to be present in the cells and the sodium space to equal extracellular volume, the greater chloride space would represent chloride within the cells. The volume of 1.38 ml. is equivalent to approximately 0.17 mEq. of chloride or, corrected to a 220-gram rat, 0.12 mEq. In agreement with this interpretation is the inulin space at 6 hours. Inulin space at this time was in fair agreement with the sodium space but was smaller than the chloride space by 15 per cent. Taking the inulin space at 6 hours as approximating extracellular fluid volume, an intracellular chloride content similar to that defined above would be calculated. By this interpretation the further expansion of the inulin space at 24 hours to equality with the chloride space and to 33 per cent of the wet weight of the tissue would be ascribed to macrophage sequestration of inulin.
Disregarding the possibility of macrophage sequestration and using only the 24-hour values, the data could be alternatively interpreted as indicating that at 24 hours complete penetration of extracellular fluid by inulin had occurred. The identity of inulin and chloride spaces at this time would then indicate no chloride to be intracellular in viscera, a conclusion contrary to that of previous workers. Since this interpretation does not account for the smaller sodium space, the calculation based on the sodium space, indicating that 0.12 mEq. of chloride is present intracellularly in viscera, seems more reasonable.
Estimation of chloride space. As may be seen in Table II the chloride which must be considered as outside the extracellular fluid amounts, in a 220-gram rat, to 0.85 mEq. or 12.7 per cent of body chloride. Of this non-extracellular chloride, the greatest amounts are found in the red cells and in the transcellular fluid in the lumen of the gastrointestinal tract. Because of the technical difficulties in assessing the position of chloride in brain, spleen and kidneys, these organs have not been included in the calculations. Their omission would appear to be of little consequence. In the rat the combined weight of these organs amounts to only 1.5 per cent of body weight and from the data of Manery and Hastings (2) it can be calculated that their chloride content amounts to only 2.2 per cent of total body chloride. Thus, even if a relatively large fraction of the chloride of these organs were intracellular it would constitute only a small fraction of the total body chloride.
For the 220-gram rat, the chloride in extracellular fluid amounts to 4.88 mEq. (Table II) . The value for serum chloride concentration used in calculating the chloride space was determined by analysis of the sera of 37 normal rats. The average was 109.5 mEq. per L. with a range from 105.6 to 113.6. Correcting the average value for serum water and for the Donnan factor gives a value of 124 mEq. per L. for the serum ultrafiltrate concentration and a chloride space of 47.4 ml.
Extracellular space calculated from extracellular sodium
Extracellular sodium has been calculated as a means of verifying the accuracy of the extracellular volume predicted from the distribution of chloride. The calculated amounts of sodium in cells and bone in a 220-gram rat are shown in Table V and the calculations are described below.
Bone sodium. In five rats weighing approximately 220 grams the bone salt sodium: calcium ratio was found to average 0.0200 with a range of 0.0187 to 0.0205 (Table VI) . Total bone calcium in a 220-gram rat, calculated from the regression equation shown in Table I , amounts to 111.7 mEq. Multiplying the bone salt sodium: would be 0.32 mEq. or slightly more than 3 per cent of total body sodium. Sodium intracellular in viscera. As mentioned above the liver was considered to contain no intracellular sodium; the volume of distribution of this ion was considered as a measure of the extracellular space. In the rest of the viscera studied (lungs, gastrointestinal tract and testes) the comparison of the inulin with the sodium space was used to assess the amount of sodium located intracellularly. For the comparison, the sodium space was corrected for the amount of sodium found by the flushing procedure to be present in the gut lumen. The correction amounted to 0.43 mEq. As may be seen in Table IV the inulin space approximates the corrected sodium space after six hours of inulin infusion. The data have been interpreted to indicate that no sodium is present within the cells of the viscera.
Estimation of extracellular sodium space. Summing up these corrections in Table V , it is seen that the sodium outside the extracellular space in a 220-gram rat would be 3.27 mEq. or 31.4 per cent of total body sodium.
For calculation of the extracellular sodium space, the value for extracellular sodium (7.16 mEq.) has been divided by the average sodium concentration in a serum ultrafiltrate. Serum sodium concentration in 15 normal rats averaged 146.7 mEq. per L. and the calculated serum ultrafiltrate concentration, 149.6 mEq. per L. The resultant extracellular sodium space of 47.9 ml. is in good agreement with the extracellular chloride space of 47.4 ml.
Partitioning of body water, sodium, and potassium. Total body water in a 220-gram rat averaged 149.4 ml. (Table I ). Assuming extracellular volume as 48 ml. the extracellular phase would constitute 32 per cent of total body water or 21.8 per cent of body weight.
The partitioning of sodium in the body and the net concentrations of body sodium, potassium and magnesium in intracellular water are shown in Figure 1 . For the calculation of intracellular volume, the volume of fluid within the gut was determined on six rats of 220-gram weight. The average value was 3.6 ± 0.42 (SD)ml. Subtracting this value and that of 48 ml. for extracellular volume from total body water gives 97.8 ml. for the volume of intracellular water. Extracellular potassium in a 220-gram rat was calculated as 0.19 mEq. The net concentration of potassium in cell water calculated as shown in Figure 1 , would be 146 mEq. per liter. Sodium concentration in cell water, similarly calculated, would be 7.4 mEq. per liter.
For the calculation of the magnesium concentration of cell water the data of Duckworth, Godden, and Warnock (26) have been used. These authors found the calcium: magnesium ratio of rat bone to be 41.8. From this ratio and from total body calcium it may be calculated that 2.68 mEq. of magnesium are in the bones of a 220-gram 
DISCUSSION
For the precise interpretation of change in intracellular electrolyte during metabolic studies and for the proper partitioning of electrolyte in the body it is desirable that extracellular and intracellular volumes be defined. The present study has approached the problem of volume measurement by determining extracellular volume from extracellular chloride. An attempt has been made to verify the result by demonstrating that the sodium content of this extracellular volume corresponds in amount with that calculated from total body sodium minus the amounts present in bone and in cells. The good agreement of these independent approaches strongly suggests that extracellular volume has been correctly measured.
In spite of the good agreement, it should in all fairness be pointed out that errors could still exist which, if present on both the sodium and chloride sides of the balance, would cancel out. Possible errors in the assessment of bone sodium and of intraluminal gut sodium and chloride have already been mentioned. The exact quantitation of the amounts of sodium and chloride in visceral cells is likewise a difficult problem and may be a source of error. If the assumption that no sodium is present in the cells of the viscera were incorrect, the error would balance out and not be detected by the approach used. Recourse to inulin as a marker to divide the intra-from the extracellular phase has limitations. The technique of constant infusion and tissue analysis excludes the error resulting from metabolism of inulin (27) (28) and in nephrectomized rats (21) . Under conditions of nephrectomy, many substances normally extracellular in distribution predict volumes which are unreasonably high (29) and the possibility cannot be excluded that under these conditions ions or molecules penetrate the cellular phase. White and Rolf (21) using the nephrectomized rat and tissue analysis for inulin obtained a progressively large inulin space which, after 72 hours, predicted volumes exceeding total body water. Such findings may be related in some way to the removal of renal tissue, for the inulin space of rat muscle was significantly higher than that demonstrated by Cotlove (7) in animals with intact kidneys constantly infused with inulin. In White and Rolf's study (21) , however, the anomaly was greatest in tissues rich in macrophages, such as liver, and the authors suggest that sequestration of inulin can occur in macrophage cells. In the non-nephrectomized animals in the present study it was found that in liver, the inulin space greatly exceeded both the sodium and chloride spaces after 24 hours of infusion. Hence, absence of renal tissue appears not to be the sole factor responsible for the large inulin spaces of nephrectomized animals. Whether in the other viscera studied, macrophage sequestration of inulin accounted for the increase in inulin space relative to sodium space as the inulin infusion was prolonged to 24 hours (Table IV ) cannot be determined. This interpretation seems the most plausible, however, when the data are considered from all aspects, and the use of the six-hour inulin space, or the closely similar sodium space, as an approximation of extracellular volume appears to be justified.
A further source of error lies in the estimation of the "excess" chloride of connective tissue. It should be noted that the calculations assume that all of body collagen has an affinity for "excess" chloride equal to that of the large tendon masses taken for analysis. This assumption is probably in the main correct, as pointed out by Manery, Danielson, and Hastings (1), insofar as the connective tissue of muscle, which accounts for the majority of body collagen, is a direct extension of and probably similar in structure to tendon. However, the collagen of bone matrix and in visceral organs could well differ from tendon in its affinity for chloride. Also the wide differences in the amount of excess chloride in connective tissue found by various investigators should be borne in mind. Manery, Danielson, and Hastings (1) found the chloride concentration of connective tissue water in rabbits to average 8.4 mEq. per L. greater than the concentration in a serum ultrafiltrate, a value in good agreement with that of 6 mEq. per L. found in the present study. On the other hand, another group of workers (30) found the concentration in dogs to be approximately equal to that of a serum ultrafiltrate while more recently a concentration in connective tissue water greater by 56 mEq. per L. than that of the serum ultrafiltrate has been reported in rats (31) . It is possible that some of these differences are attributable to difficulties inherent in the methods of chloride analysis (4); the loss of variable amounts of water at the time of dissection would appear not to be the sole responsible factor.
While it is obvious from the above that errors may be present, most of them would appear to be of relatively little significance to the present study. As it stands, the study predicts that 87 per cent of total body chloride is in the extracellular fluid. Of the 13 per cent located outside of this compartment, more than half is in the erythrocytes and in the gastrointestinal tract. Because the amounts in cells and "excess" in connective tissue are so small, even gross errors in the quantitation of these fractions would have little effect on the overall assessment. For example, doubling the amount of "excess" chloride associated with connective tissue would reduce the present estimate of extracellular chloride by only 1.5 per cent. The conclusion that most of body chloride is in extracellular fluid appears justified. The data do not support the contention of other investigators employing differing techniques (32, 33) (38) . Moore (39) using thiocyanate as a measure of extracellular volume and D20, K42 and Na24 to measure total water, exchangeable potassium and sodium, respectively, predicted in man an intracellular potassium concentration of 163 mEq. per liter of cell water. No estimate of transcellular fluid was possible in this study. This potassium concentration would seem to be high as a result of the fact that thiocyanate over-estimates the extracellular space (40, 41) .
Evidence is at hand that intracellular and extracellular osmolar concentrations in the rat are equal (42) . There is also some evidence that the major fraction of the magnesium of intracellular fluid is not dissociated (43, 44) and is probably bound to protein and phosphate anions (44) so that almost all of the intracellular potassium should be osmotically active. However, Macallum demonstrated more than 50 years ago (45) that while most of the potassium of the cell is evenly distributed throughout the cytoplasm, local points of high concentration can be detected. More modern investigations (46) suggest that about 13 per cent of cell potassium is not osmotically active and is present in mitochondria. The present study does not allow conclusions regarding the tonicity of cell fluid. SUMMARY An attempt has been made to determine the amount of sodium and chloride in the extracellular fluid in the rat by correcting total body sodium and chloride for the amounts of these ions which are outside the extracellular fluid. Corrections for chloride included the "excess" chloride of connective tissue calculated from total body collagen and the results of tendon analysis, chloride intracellular in liver calculated from the sodium space of liver, and chloride in the lumen of the gut determined from analysis of gut contents. Erythrocyte chloride was calculated from data in the literature. The intracellular chloride of the respiratory and gastrointestinal tracts and in the testes was assessed by tissue analysis after the constant infusion of inulin. From data of other investigators, it was concluded that no chloride is present intracellularly in muscle.
It was found that 87.3 per cent of body chloride can be considered as present in extracellular fluid. The chloride in erythrocytes and in the gut lumen, representing 6.1 and 2.4 per cent of total body chloride, respectively, account for the bulk of the non-extracellular chloride.
To obtain extracellular sodium, total body sodium was corrected for bone salt sodium, calculated as the product of the Na/Ca ratio for bone and total body calcium, and for sodium in the lumen of the gut, determined from the analysis of gut contents. Data in the literature were used for the calculation of erythrocyte sodium and for the intracellular sodium of muscle.
For a 220-gram rat, extracellular fluid volume calculated from chloride was found to be 47. From the data for extracellular volume and from other parameters of body composition obtained from carcass analysis and from the literature, the theoretical net concentrations of potassium, sodium and magnesium in cell water have been calculated.
